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5 £%.e£ozrm.e3r a.nd metlioci foxr oonv^arfcixng- fizeX and o3cdL<i^j:i. t into 


1 O Tlno xnvent±on r e 1 a. ti €5 s to 3. tt e f o x in o "ir f oar GoriTrezrtxng fuel snci 

05c±cia.nt ±nto ox^ma t e ^ comp>iris±ng an ojc ±cla't ±on. 2on^ arici a. 

3rofojrm±ng zone, whe2re±n ^ mi^ctiaare o£ fiiel ^nd o^cid^nt ma 2/ 
fc>e suippslieci to tlie o^cidatxon zono, snd the m±>ctu.x:e may Ido 
su.p»pHed a.t lea-St p3^3rti3.Xly to ttie ire f orming ^lone \Jip>orj. an 
IS skt Xesst partiailL o>5:±d3.txoxi of tlie f lael - 

The invention relates fuarttier to a metlnod fojr conveorting 
fuel and o^cidant into jrefojrmate in a orefojcmeir having an 
o:&<:idat±on zone and a jrefojrming zone, whezrein a mixtnore of 
20 fuel and o^cidant is stj.p»p«lied to ttie o^iidation zone, thte 

miKLtujre "being su.pp>lied at least pairtially "to ttie ref oirming 
zone \apon an at least partial o^cidation of tine fuel - 

Genojcio jref ojtrmers and generio methLods provide numerous 
25 fields of application. In particular^ they serve for sup- 
plying a fuel cell witti a hydrogen — r ich. gas mi^cture^ from 
whioh electric; energy may fc>e generated on the Joasis of 
electrochemical processes- Such fuel cells are employed for 
e^cample in the automotive field as au:>^iliary power sources, 
30 so called ^PUs ( "au:>£iliary power unit") • 

The reforming process for converting fuel and oxidant into 
ref ormate may proceed according to various concepts - For 
example, the catalytic reforming is known, in which part of 
35 the fuel is oxidized in an exothermic reaction- This cata— 
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lytic Ji <s i: o .T~Txi± XI. g hias the dzra^wtoack: o f el lri_L glm heai t gene^ration 
wtiioln iriaay i rjere^v^e jts ±fc>ly tiajTm the system c:omp>onerLt s , ±n pair-— 
tiouXa.ir ttie oat3-Xytio con^u^ert eir ♦ 

5 An. o t In o possibility foier cjenes 3r=Ea t ii^g jrof ozritiat e fjrom !iyci-trooa.jr~ 
k)ons is tine s tea.m— xref ojrming" * In this pirooess, hydxrooair — 
k>oris a.ire con voirt eci within an endothejcmio ^reaction into hy— 
djcogen t>y the aid of wateir vapojr * 

lO oomt>inat ion of these footh concepts, that is, the zrefoinxi— 

ing on the basis of an escothermic ^reaction and the prodiic — 
tion of hydirogen by moans of an endothermic jreaction in 
which the enejrgy for steam— re foirming is esctoracted from the 
combustion of hydrocarbons, is called an autothermic re— 

15 forming- Herein, the additional drawbackis arise that a pos- 
sibility for supplying water has to be pro^^ided. High tern— 
perature gradients between the 05cidation 2:one and the re — 
foirming zone constitute further problems in the temperature 
management of the entire system. 

20 . 

i\n escample for a reformer having an oxidation unit which is 
separated from a reforming unit is given in DK 199 A3 24 8 

2 5 The invention is based on the object to provide a reformer 
and a method for converting fuel and o:H:idant into refor — 
mate, in which the mentioned problems are overcome at least 
partially and in which, in particular, problems due to high 
temperatures and large temperature gradients do not occur, 

30 respectively. 


This object is solved with the features of the independent 
claims - 
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Ad^arLt ageoTJis emt:»oci±mont s of th.e irx^^ent iort 3.are defined in 
thie dep>endent: olaims - 

Thie invention is t a.3c:)l i stied fc>eyond the gene^ric jrefojErmejr in 

5 that foei ma.y additionally t>e 3iap>p^lied to ttie jref ojrming: 
:2one^ and in tlnat heat may loe siip>plied to ttie iref ojrmingf 
2one * Tho additionally supplied fiael thus fox-ms together 
with the e>5:haust <gas fxrom the o:KLidation sone the sta^rting 
gas misitxijre £012 the jref oirining p>jrooess , Due to the mincing of 
10 the fuel with the e^shavist gas, a small X— value is ]pDrovided 
(for e>?:amp>le X = 0-4) ^ and an endothe jrmic orefoorming jreao — 
tion oan take p>laoe fc>y supplying heat . 

Xn this oonterxit it is espeoxally t>enef ioial that heat f jrom 
15 the e^cotheirmio o^cidation within the o^iidation 2one may toe 
supplied to the zrefojrming zone. The heat eneirgy resulting 
from the ostidation zone is thus converted in the course of 
the reforming reaction such that the net heat generation of 
the entire process does not lead to prohlems in the tern— 
20 perature management of the reformer- 

Advantageously it is provided that the reforming zone com- 
prises an o5cidation supply through which o:K:idant may t>e ad- 
ditionally supplied. Xn this manner a further parameter for 
25 influencing the reforming is p>rovided, in order to optimize 
it . 

The invention is in a very t>eneficial manner further devel— 
oped in that the additional fuel may t:>e supplied to an in — 
30 jection and mi^cture forming zone and in that the additional 
fuel can flow from the injection and mixture forming zone 
into the reforming zone. This injection and mixture forming 
zone is thus arranged upstream of the reforming zone such 
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ttxat tln^ r-eforming zorxe ±s p>3rov±cie<i w±-tti a well mixedl 
sts^x^t ln<g gas fojc "ttie jrefoarmlng jreaotlon.. 

In tlrxis context it is os^^etoia i ly i=>oii.of ici3. 1 -ttiaft aLcicii — 

tional fijiel is at least p^aartially ^T7-ap>ojrat eci Toy tine thozrxnal 
er^e^g^y of tine ga3 mixtiarre exiting ttie oxiciation zone * Thuis 

thie areaction Ineat facom the o^ixciation may fc>e utiliseci in a 
t>enef ioial manner also fox the o"vap>or a t ion psirooess of the 
fuel- 


Fvi jrtheiT J. it may iDe toenefioial that the gas mi:K:tiJ.3re gene^c — 
ateci in the oxidation 2;one may t>e i>ajrtially STap>£:>l i ed to the 
rofojrming ^one, bypassing the injection anci misctuire fojrming 
sone . Thejretoy, a fojrthejr possibility fojr inflxienoing the 
15 reforming prooess is provicLed siaoh that a fiarther imp>3ro"ve — 
ment of the ref ormate exciting the reformer oan fc>e achieved 
with regards to its lasage. 


The invention is established beyond the generio method in 
2 0 that additional fxiel is supplied to the reforming zone, and 
in that heat is supplied to the reforming zone* In this 
manner the advantages and special cha3:^aot eri st ios of the 
reformer according to the present invention are achieved 
also in the course of a method- This also applies for the 
25 following especially preferred embodiments of the method 
according to the present invention. 


This method is beneficially further developed in that heat 
from the e:^othermic ojKiidation within the oxidation zone is 
30 supplied to the reforming zone . 


Further, it may be beneficial that the 
prises an o^^idant supply through which 
is s upp lied. 


reforming 
addit ional 


zone com— 
oxLidant 
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W±ti]n±n tiie . soope of t3ne meizlnoci it ±s p>re f erar^eci that: tlie ad— 
ditional fuel ±s suppXied to sii ±njoct±on a.nd in±:^tiax:e foDrm— 
ing- ^one a.rLd ttiat tl:^^ a.ddit±oi^al fiael flows fjcom th^ irk j ec — 
5 tion. and mixt liire f ormirKg zone into tine iref oi^rming sone - 

In x"elation to thie metlnod it is l:>on^ f icz;i ally en^risaged tlT.at 
the additional fuel is e^apoirated at least pa^rtially l^y the 
theirmal ene:^g:y of the c^as mi^ctuare exiting the o^cidation 
1 0 zone - 

E"Tj.3rtho3r , it can hie pro-vided that the gas mi^ctuire which is 
piroduced in the o:K:idation zone is paartiallv supplied to the 
2ref ojcrning zone, lD;ypassing the injection and mixture forming 
1 S zone - 

The in-y^entioh is leased on the conclusion that loy separating 
the oxidation zone and the reforming zone and t>y mixing^ the 
exhaust gas from the oxidation zone with the additionally 
20 supplied fuel, a gas mixture may produced which provides 

good preconditions with re<gards to the following reforming 
and/or which can he optimized t>y the further supply of ex- 
haust gas and oxidant with regards to the reforming proc- 
ess , 

2.5 

The invention is now explained h>y way of example referring 
to the accompanying drawings and the preferred embodiments - 

The drawings show in; 

30 


Figure 1 


a schematic diagram of 
the present inij^ention; 


a reformer according to 
and in 


F'±giJixr^ 2 3. flow oh^^^rt: foir exj^lsii-^iirig a. metJaoci aoco Jtrc3±ng to 
tho p>reserLt invention - 


Figiajre X shows ^ soh^m.3.t±c ci±agjram of a. jcoformeir a.cco3rci±ng 
S to ttie paresent invontxon. FueX 12 andL o^ciciaLnt 16 Ccin t>e 
STJiE>p>liocl to the jrefoicmer lO througln ocespeotive STJip>plies * 
Koir the fuel 12, fo^r e^campXo <die:S^X ma;^ toe con sldex-eci , th^ 
oxidant X6 is laaiJialXv' ctix:- The jrea.otion hea.t geneiratocJ in- 
stant ameo 1:13 within the initiaX c omt>ii s t i on may fc>e paortiaXXy^ 

XO di sohajrgocd in an optionaXXy parovideci cooXinQ^ z:one 36, The 
mi:H:t uire then fianrrther pirooeeds into the o^cidation sone 24 
whxoh oan toe zrealiz;eci as a pipe whioh is ajrirangeci within 
the xrefoirmingf zone 26. In aXt e mat i-ve emtoodiment s , the o:K:i — 
dation zone is 3reali2:ed to:^ mialtipXe pipes ox: a speoifio 

X5 pipe a OTDrang-eirient within the refoirming zone 26. Within the 

o:xidation 2:one, a conve^rsion of fuel and o:H:idant within an 
e^cothermio ireaotion having^ A#»X talces plaoe - The ga-s mixtxii^e 
32 p^rodticed thejcetoy^ then enteirs an injection and mi:5Ctia3re 
forming zone 30 in which it is mii<:ed with in j eoted fuei X4- 

20 The thearmaX eneargy of the <g^as mi:>sLt iJiire 32 can thejreto:^ siap — 
po3ct the evaporation of the fuel 14 _ J^ddit ionaXly , it can 
toe pjTo^ided tha.t oxidant is supplied into the injection a.nd 
misituire forming zone 30 . The thus formed mi5?:ture then en- 
ters the reforming zone 2 6 where it is converted in an en— 

25 dothermic reaction^ with for e:xampXe X«0 . 4 , The heat 28 

needed for the endothermic reaction is discharged from the 
o^^idation zone 24, IFor optimizing the refojrming process^ 
o2<:idant X8 may^ toe additionally suppiied into the reforming 
zone 26. F'larther, it is possitoXe to directXy siappXy part of 

30 the gas mixture 34 which is produced in the oxidation zone 
24 to the reforming zone 2 6, toypassing the injection and 
mixture forming zone 30 . The reformate 22 then fXows out of 
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ttie ref ojrmxng zone 2.S ancL ±s aiva.± la.t)le for fT-trttiei: iat±liza — 


Figxajir^ 2 sliow3 a. flow ott3.Drt f ojt e^sipls. ini-ng s motlnoci ^cooocci— 
5 ing to thte pjcosent in-vent: ion * Xn step SOI, f^uiel a.nci oscicia^rnt 
is suppXied to a^n o3c±ci3.t±on 2one . Thiejceaf t e^r , in step S02, 
a.n at le3.st pairtiaX o:H:icia.t ion of tt^er f\iol oooiazrs . Aoooircling 
to step S03, tl::ie <^a.s mi^ctutjre e>citin<g ttie o:H:icl3.tion zione is 
siapplieci to the inj eotion and g-a.s foorxning^ zone* E^iartlieir , in 

iO step S04 s^dciit ions.1 fnel is sxipplied to the in j eotion a.nd 

<gas foxrning zone. The mi^ctux-e porodiaoed in the injection and 
mi^ctiaire forming zone is then supplied in step SOS to the 
3ref oirming zone, wheire it is 3refo3rmed in step SOS within an 
endothe3rxn.i o areaotion, \j.tili^ing the i^reaotion hea.t of the 

15 exothejtrmio oicidation. Xn step S07 the refoirm^te is ejc — 
tiraoted- 

The f eatuiires of Lhe present i.Ti\r<^ntion disolosed in the pjre — 
oeding description, in the dra-wings and in the oXaiins can 
20 loe essential foir the implementation of the invention, indi- 
vidually^ and in combination. 


Reference niamerais: 
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34 m±xtiji2ro 

35 cooX±r:t<5 z:orie 
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